OF KEY FINDINGS  In the UK, children's cardiorespiratory fitness continues to decline, with poor levels of fitness often continuing into adulthood and associated with numerous health risks.
INTRODUCTION
Cardiorespiratory fitness (CRF) can be defined as the overall capacity of cardiovascular and respiratory systems and the ability to carry out prolonged strenuous exercise [1] . The association between poor CRF and a cluster of metabolic risk factors in children and adolescents has been welldescribed previously [1, 2] . Regardless of the evidence on the health associations of higher levels of CRF, there has been a global decline in CRF by 7.3% per decade in high and upper-middle income countries from 1981 to 2000 where levels have plateaued since with no sign of improvement [3] . Despite there being a strong genetic component of CRF, and habitual physical activity (PA) not being related to CRF [4] , moderate to vigorous physical activity (MVPA) has been found to influence CRF [1] . Indeed, recent work suggests that compared to merely replacing sedentary time with light-or moderate-PA, vigorous PA has a greater association with CRF both cross-sectionally and prospectively [5] . Further, randomised controlled trials in school-aged children have demonstrated that increasing PA increases CRF [6] , regardless of whether the PA is structured or un-structured [6] . Schools appear to be an ideal location to improve the CRF of children and adolescents as they provide an environment where a large proportion of the youth population can be accessed, monitored, and influenced for the majority of the year [8] . However, a recent systematic review and meta-analysis found that PA interventions targeting adolescents have been largely unsuccessful, especially with older adolescents [9] . There is also pressure on schools to perform better academically in subjects such as reading and mathematics, which can lead to less emphasis being spent on other subjects such as physical education (PE) [10] [11] [12] . This is despite the fact that emerging evidence has begun to link PA and CRF to both executive function (EF) and academic performance (AP) [13, 14] .
EF can be defined as a group of mental processes that are required when you have to pay attention or concentrate on a task [15] . These are needed when relying upon instinct would be ill-advised, insufficient, or impossible [16] [17] [18] . EF has been found to be associated with AP [19] , classroom behaviours [20] , and mental health [21] . EF has also been shown to be positively correlated with an increase in ontask behaviour (the amount of time spent working on a learning task), as well as improving the ability to inhibit off-task behaviour whilst in the classroom [22] . There is a general agreement in the literature that there are three sub-domains of EF; inhibition, working memory, and cognitive flexibility [23, 24] . Inhibition (also called selective attention) involves being able to control attention, behaviour, thoughts, and emotions to override internal instinct and do what is required or appropriate [15] . Working memory involves holding information in one's mind and mentally working with it [25, 26] . Cognitive flexibility (also called shifting) builds on the other two sub-domains and involves a person being able to change how they think about something and also if they can change their perspectives both spatially and interpersonally [15] . These subdomains of EF have also been found to be individually associated with AP in children [27] , and adolescents [28] . These subdomains also build higher-order EFs such as reasoning, problem-solving, and planning [29, 30] , which are important for many aspects of life, including mental health, physical health, school success, job success, and social and psychological development [15] .
The potentially positive effects of improving CRF, through increased PA, upon EF may be explained by the cardiovascular fitness hypothesis. The cardiovascular fitness hypothesis suggests that CRF is a physiological mediator that explains various mental health benefits of physical activity [31] . As a result of an improvement in the heart's ability to deliver oxygen to the muscles from more regular MVPA, CRF increases [32] . These increases in CRF are is thought to be associated with inducing angiogenesis in the motor cortex and increasing blood flow, which improves brain vascularization [33] . Children's white matter integrity has been shown to be positively related to how they performed on an inhibition task [34] . In normal-ageing adults reduced white matter integrity has been found to be associated with poorer inhibitory control [35] , and CRF has also been shown to be positively associated with white matter integrity [36] . Additionally, findings in several animal studies have shown that as a response to long term physical exercise, neurostructural changes have been observed and there is an increase in the upregulation of multiple neurotrophic factors which influence learning and memory [37] [38] [39] [40] . Chaddock et al. [41] found that children with higher CRF levels had larger volumes of basal ganglia and hippocampus compared to children with low levels of CRF.
Indeed, building on this potential link between CRF and EF, more recently there have been numerous studies suggesting there is a positive association between CRF and AP [42, 43] . As such, it could be hypothesised that improving CRF, through increased PA, could lead to improvements in how children perform academically. This would be in addition to the other physical and mental health benefits children would receive from PA and improved CRF including reduced metabolic risk factors [44] , skeletal and muscle development [1] , and improved self-perception and moods [45] .
A meta-regression was conducted in 2006 investigating the relationship between CRF and cognitive performance [46] , and found no significant effect of CRF on cognitive performance. However, the majority of the studies included in their review were based on adult populations. In the last decade there has been a growing interest into the possible relationship between CRF with AP and EF in children and youth, and this has been reported in several types of reviews and meta-analyses. Two narrative reviews described research reporting a positive association between AP, EF and CRF [47, 48] . There have been three systematic reviews recently published [13, 14, 49] . These reviews all reported that studies suggest positive associations between CRF and PA with EF and AP, although the findings were inconsistent and the majority of studies included used a cross-sectional design. Recently there have been three meta-analyses published [50] [51] [52] reporting the effects of PA upon subdomains of EF and several aspects of AP. They found small significant effects in the intervention groups for EF and AP. However, these studies primarily examined cross-sectional associations between PA/CRF and EF/AP as opposed to whether increases in CRF caused by a PA intervention (compared to a control group) were related to any increases in EF and AP.
To date, and to the best of the authors' knowledge, there has not been investigation of studies that examined the association of changes in CRF with changes in EF or AP resulting from PA interventions. Therefore, the aim of this study was to perform a systematic review, and accompanying meta-analysis and metaregression, to investigate association of changes in CRF following a PA intervention with changes in EF and AP.
METHODS
This piece of work was developed, performed and reported in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines [53, 54] . A research protocol was developed and registered with the PROSPERO International prospective register of systematic reviews (http://www.crd.york.ac.uk/PROSPERO/), registration number CRD42017070845.
Literature Search Eligibility Criteria
The primary source of articles in this meta-analysis were peer-reviewed journal articles published in the English language. An electronic search of the literature, was conducted using combinations of the search terms below. Only intervention studies were included in this study and they had to include a control group. They were eligible if data were presented on CRF and EF or AP at pre-and post-intervention.
Information Sources
Potential articles were identified by searching electronic databases and relevant article reference lists. The reference list of previous review articles was also screened. First, seven electronic databases were systematically searched: Medline/PubMed (EBSCOhost), Science Direct (Elsevier ScienceDirect), Scopus (Scopus), SPORTDiscus (SPORTDiscus), Academic Search Complete, CINAHL Complete, and PsychINFO. The last search was performed on the 11 th April 2019. The search was developed and performed by ST.
Search Strategy
Potential articles were identified in each of the databases (Medline/PubMed, Science Direct, Scopus, SPORTDiscus, Academic Search Complete, CINAHL Complete, and PsychINFO) by using search terms that had been developed through discussion within the research team. Search strategies included the combination between three groups of keywords/terms including the following: (a) CRF ("fitness," or "cardiorespiratory fitness," or "cardiovascular fitness," or "cardiovascular capacity," or "physical fitness," or "aerobic fitness," or "aerobic capacity,"); (b) academic performance ("academic outcome," or "academic performance," or "academic success," or "academic achievement," or "cognition," or "cognitive function," or "executive function");
(c) children/adolescents ("children," or "adolescents," or "teen," or "school-aged," or "youth"). An example of the search strategy is included in Table 1 in the Supplement.
The literature search, the evaluation of the quality, and the extraction of the data were carried out independently by two researchers (ST & NW). Articles that were not relevant for the aim of the study were eliminated once the title was examined. Articles that were potentially eligible were analysed in their abstract following the inclusion and exclusion criteria. Disagreements between reviewers were resolved by consensus opinion or arbitration by a third reviewer (SM). Furthermore, reference lists of selected articles and review articles were examined to identify more potential studies. Only original articles were included and authors were contacted via email if full articles were not available or to request additional data if it was not reported in the final manuscript (i.e. to facilitate effect size calculations).
Inclusion and Exclusion Criteria Types of Participants
Included studies' participants needed to be apparently healthy (i.e., free from known disease, disability [including learning disabilities], or injury) children and adolescents with a mean age between 5-18 years old. Studies with participants from any country, and studies focussing on a single sex or both were also included. The sample of each study needed to be broadly representative of the general population to which they belonged. (i.e., not elite athletes).
Types of Studies
The aim of this meta-analysis and meta-regression was to examine the evidence of how changes in CRF as a result of a PA intervention relate to changes in EF or AP. Therefore, studies that only measured or reported CRF at baseline and do not report CRF at the end of the study or post-intervention were excluded. The metaanalysis included randomised and nonrandomised controlled trials that were written in English. Uncontrolled and crosssectional studies were excluded from the analysis.
Types of Outcome Measures
Studies were included in the metaanalysis if they included both a pre-and a post-intervention measure of CRF as an outcome, in addition to an EF outcome and/or an AP outcome. CRF measures could include the following; direct measurement of maximal oxygen consumption (VO2max) or direct measurement of peak oxygen consumption (VO2peak) in a maximal graded fitness test on a treadmill or cycle ergometer, indirect measurement of VO2peak in a maximal graded fitness test on a treadmill or cycle ergometer, or maximal field based CRF tests (e.g. 20m Multistage Shuttle Run or Cooper test). An EF outcome could include pre-and post-intervention measures of any of the sub-domains of EFs (inhibition, working memory, or cognitive flexibility), a combination of the three, or all three subdomains of EFs. AP is defined as a domain that refers to the extent to which a student achieves their educational goals [14] . Subdomains of AP include the different subjects that are taught in a school's curricular programme e.g. reading, mathematics, or languages. These can be measured by numerous standardised or non-standardised methods, including specific tests (e.g. for reading, language, or arithmetic skills etc.), a cluster of achievement tests, or grade point averages [14] .
Exclusion Criteria
Articles published in non-English language were excluded. Articles that did not meet the inclusion criteria or did not include findings related to the inclusion criteria were excluded; e.g. a study measured CRF but did not also include a measure of cognitive function or an academic outcome. There were numerous studies that administered a PA intervention and examined the effects of an increase in PA on EF or AP [55, 56] . Many of these studies used a measure of CRF as a marker of health, although sometimes this was only measured or reported at baseline [55, 56] As noted, these studies were excluded as it would not allow us to measure changes in CRF.
Data Extraction
The following data were extracted from all included articles following the Cochrane Consumers and Communication Review Group: (a) author, year of publication, and length of intervention (b) study design and location, (c) sample size and participant characteristics (including age at baseline and sex), (d) measurement tool for CRF, (e) measurement tool for EF or AP, (f) controlled variables, (g) main findings, and (h) pre-and post-test means and standard deviations for CRF variable and AP/EF variable.
Study Quality
The quality of the studies was assessed independently by two authors (ST & NW) using two scales. The methodological quality and internal validity of randomised controlled trials (RCTs) were assessed using the Jadad Scale [57] , whilst non-RCTs were assessed using the Effective Public Health Practice Project (EPHPP) Quality Assessment Tool for Quantitative Studies [58] . The Jadad Scale evaluates randomisation, blinding, and withdrawals/dropouts. A study can score between 0 and 5 points in total, where withdrawals/dropouts can score 1 point, and randomisation and blinding can score up to 2 points each. As PA interventions cannot be blinded to participants, a study could score two points if the assessors were blinded appropriately. The EPHPP Quality Assessment Tool for Quantitative Studies measures the methodological quality of studies in seven areas; selection bias, study design, confounders, blinding, data collection methods, and withdrawals/dropouts. Each of these items are rated as "Strong", "Moderate", or "Weak". Studies are then rated as "Strong" (no weak ratings), "Moderate" (1 weak ratings), or "Weak" (2 or more weak ratings).
Statistical Analysis
All analysis was performed using the 'metafor' package in R (version 3.5.1; R Core Development Team, https://www.rproject.org/) and an alpha of 0.05 considered in all tests. Standardised between group effect sizes using Hedges g and pooled pre-and post-test standard deviations [59] were calculated for each study and outcome measure used in those studies to descriptively quantify the changes in the outcomes after a period of PA in the intervention group in comparison with a control group. The magnitude of each effect size using Hedges g were interpreted with reference to Cohen's thresholds; trivial (<0.2) small (0.2 to <0.5), moderate (0.5 to < 0.8), and large (>0.8) [60] and positive effect size values indicated higher scores of the outcome in favour of the intervention group compared with the control. Three separate random effects meta-analyses were performed for CRF, EF, and AP, where point estimates for pooled effect sizes were estimated along with the precision of those estimates using 95% confidence intervals (CI). Multilevel models were used where multiple effect sizes were derived from the same studies and study groups with both included as random effects. Estimates were thus weighted by inverse sampling variance to account for this in addition to the betweenstudies variance (tau-squared), and restricted maximal likelihood estimation was used in all models. EF was also divided into three sub-domains; inhibition, working memory, and cognitive flexibility. Due to the limited number of studies AP was not divided into sub-groups.
Some further statistical information also needs to be explained. Firstly, there were a few studies that collected data over multiple time-points, if they collected data over a period of two or more years with data collection annually then the data collected at the end of year 1 was used. This reduced the variance in study length. Secondly, if a study had two intervention groups then their data were analysed independently with the control group thus yielding multiple effect sizes for that study and outcome.
Sensitivity analyses were performed for random and mixed effects metaanalyses by removing a study one by one to assess the robustness of the summary estimates. This would indicate whether an individual study accounted for a large proportion of the heterogeneity. In one study [61] both unadjusted and baseline adjusted (from ANCOVA) values were reported for post test results and in this case we conducted sensitivity analyses with effect sizes calculated from both. The main results are reported including adjusted scores with sensitivity analyses results reported with unadjusted scores.
Mixed-effect meta-regression analyses were carried out, using age as a moderator on CRF, EF, and AP outcomes. Meta-regression analyses were also performed on the EF and AP outcomes where the amount of change in CRF (Hedges g for CRF outcomes) between preand post-intervention was used as a moderator in order to examine the association of changes in CRF between intervention and control groups with changes in EF and AP outcomes. Additionally, sub group comparisons were performed using to compare studies with different study length (>6months v <6months), and if the PA intervention took up time in the curriculum that would be used for other academic subjects (Yes v No). A fixed-effects with moderators model was used to compare the two groups of studies to see if there was a significant difference between each set of the two models (p<0.05). Furthermore, heterogeneity was examined through the Q statistic and the I 2 statistic [62] . The Q statistic assesses the statistical significance of the variability of effects within and between study groups, a significant Q statistic suggests that studies are likely not drawn from a common population. The I 2 statistic provides an estimate of the degree of heterogeneity in effects among a set of studies between 0%-100%. I 2 values of 0-40% were not important, 30-60% moderate heterogeneity, 50-90% substantial heterogeneity, and 75-100% considerable heterogeneity [63] . Risk of publication bias was examined graphically by contour enhanced funnel plots.
RESULTS

Final Study Selection
The initial search identified a total of 7,250 potential papers, with 3 additional studies identified from reference lists of review articles. After adjusting for duplicates, 5,975 remained. Of these, 5,723 did not meet the criteria after screening the titles. Abstracts of 252 papers were examined and 120 articles remained. Full texts of these papers were reviewed. Of these studies, 105 did not meet the inclusion criteria: 78 of these studies did not have a control group, 4 studies appeared eligible but the authors did not respond or could not provide the additional required data that were requested, 16 studies did not have both pre-and post-intervention measures of CRF, 5 studies did not have both pre-and post-intervention measures of EF or AP, 1 study had participants who were too old, and 1 study only did one bout of activity. Therefore, a final total of 15 studies were included in this meta-analysis ( Fig. 1) .
Systematic Review
The studies included in the systematic review are shown in Tables 2 and 3 in the Supplement. Fifteen studies Figure 1 . Flow chart of study selection process were included in this meta-analysis. Nine studies used a PA intervention to examine the effects of a PA intervention on changes in CRF and EF [61, [64] [65] [66] [67] [68] [69] [70] [71] . Two studies measured the effects of a PA intervention on changes in CRF and AP [72, 73] . The final four studies investigated the effects of a PA intervention on changes in CRF, and both AP and EF [74] [75] [76] [77] .
Participants
A total of 5,572 children and adolescents took part in the included studies. The sample size for individual studies ranged from 23 to 1076 students. Participants' mean age ranged from 6 to 15 years old. Some studies only recorded age, whilst others only recorded the school grades of the students from which age was inferred. All the studies used participants from both sexes. The number of studies from each country included in the review were: United States (5), Netherlands (4), Denmark (1), South Africa (1), Switzerland (1), Norway (1), Sweden (1), and Italy (1) . Twelve of the studies were randomised controlled trials, and three used a quasiexperimental design.
Results of Studies Investigating Cardiorespiratory Fitness and Executive Function
Thirteen of the fifteen studies in this systematic review used a PA intervention to examine it's effect on EF [61, [64] [65] [66] [67] [68] [69] [70] [71] [74] [75] [76] [77] . Six of the thirteen studies found significant improvements in both CRF and EF after the PA intervention compared with the controls [64, 65, 67, 68, 70, 74] . Six studies found a significant improvement in EF after a PA intervention including; inhibition [64, 65, 67, 74] , cognitive flexibility [67, 70] , and working memory [68] . One of the thirteen studies found that the PA intervention significantly improved CRF compared to the control group in girls but not boys, and that there was no intervention effect on the EF [76] . Two studies found that the PA intervention had a significant positive effect on CRF but there was no effect on EF [75, 77] . One study found that there were no significant improvements in CRF for either the experimental and control groups [61] . However, van der Niet et al. [61] did find that the experimental group did improve their inhibition and working memory significantly in comparison to the control group. Three of the thirteen studies found that there was no significant effect of the PA intervention on CRF or EF [66, 69, 71] .
Results of Studies Investigating Cardiorespiratory Fitness and Academic Performance
Six studies included in this systematic review measured the effect of a PA intervention on changes in CRF and AP [72] [73] [74] [75] [76] [77] . None of the studies found significant changes in both CRF and AP after the PA interventions compared to the controls. The results of the effects of the PA intervention on CRF varied.
Donnelly et al. [72] found that there was no significant differences in CRF between the experimental and control groups. Sjöwall et al. [75] , Torbeyns et al. [77] , and Weiss et al. [73] found that CRF improved significantly in the intervention groups in comparison to the control groups, Tarp et al. [76] found an intervention effect for CRF in girls but not boys, and Gall et al. [74] found a reported a small decrease in CRF in both groups. One of the five studies also investigated the effects of an intervention on academic related outcomes including; effort, classroom behaviour, tardiness, and absenteeism [73] . Weiss et al. [73] found that children who took part in the PA intervention had fewer absences compared to the control group. The effect of the PA intervention on AP also varied. One study found a positive intervention effect for AP, which was measured by a composite score of four subjects [74] . Mathematics was the subject measured by five of the six studies. Mathematics improved from baseline to postintervention in both the experimental and control groups, with no significant between-group differences in four studies [72, 73, 75, 76] . There was a significant decrease over time across all participants in mathematics reported by one study [77] . Three studies also measured Reading as an individual subject, and no intervention effect was found [72, 73, 77] .
Study Quality
The methodological quality and internal validity of the twelve RCT studies that were assessed using the Jadad Scale [57] varied; four studies scored 2 points [64, 65, 68, 77] , five studies scored 3 points [66, 69, 71, 74, 76] , two studies scored 4 points [70, 72] , and one study scored 5 points [67] (Supplement: Table 4 ). The methodological quality of two of the three quasi-experimental studies that were assessed using the EPHPP Quality Assessment Tool for Quantitative Studies [58] was "Weak" [73, 75] , and one study was rated as "Moderate" [61] (Supplement: Table 5 ).
Publication Bias
Examination of the contour enhance funnel plots did not reveal any obvious publication bias (Figures 2a, 2b, and 2c ). However, van der Niet et al. [61] appeared to be an outlier when examining EF. For comparative purposes, results from metaanalyses and meta-regressions are reported both with and without the van der Niet et al. [61] study included.
Meta-Analysis Cardiorespiratory Fitness
The pooled effect size [95% CI] estimates for the effects of a PA intervention on CRF was 0.59 [95% CI = 0.08, 1.10] (Fig. 3) indicating a moderate effect, though with relatively low precision indicated by the CIs ranging from trivial to large. Cochrane's Q showed for overall CRF, a significant heterogeneity (Q = 109.19, df =16, p<0.001) and a considerable inconsistency measure with I 2 of 94.0% (Fig. 2a ). The two meta-analyses investigating the effect of study duration found a small effect for studies with a duration of >6months (ES = 0.48 [95% CI = 0.12, 0.83]), and a moderate effect for <6months (ES = 0.68 [95% CI = -0.31, 1.68]). When the meta-analyses were compared no significant differences between the two models were found (z = 1.357, p = 0.175). The random-effects models models that investigated the effect of whether the intervention was during curriculum time found a small effect for curricular interventions (ES = 0.31 [95% CI = 0.09, 0.53]), and a large effect for noncurricular interventions (ES = 1.67 [95% CI = -0.56, 3.89]). No significant difference was found when the two models were compared (z = 1.470, p = 0.142).
Executive Function
The pooled effect size for overall EF was 0.38 [95% CI = -0.12, 0.88] (Fig. 4) indicating a small effect with relatively low precision indicated by the CIs ranging from negative trivial to large. Cochrane's Q showed for the overall EF, a significant heterogeneity (Q = 310.52, df = 80; p<0.001) and a considerable inconsistency measure with I 2 of 92.6% (Fig. 2c) The study conducted by van der Niet et al. [61] resulted in significant asymmetry in the funnel plot (Fig. 2c) , and the metaanalysis for EF was re-run once this study was removed. The pooled effect size for overall EF was 0.06 [95% CI -0.01, 0.14] (Fig. 5) indicating a trivial effect with relatively high precision indicated by the CIs falling only within the trivial range. Cochrane's Q showed for overall EF, a nonsignificant heterogeneity (Q = 74.38, df = 76, p = 0.53) and a low inconsistency measure with I 2 of 6.95%. The effect sizes for the sub-domains were also calculated. Inhibition had an effect size estimate of 0.04 [95% CI = -0.04, 0.12] indicating a trivial effect with relatively high precision indicated by the CIs falling only within the trivial range, without significant heterogeneity (Q = 31.02, df = 48, p = 0.97), and no important evidence of inconsistency with I 2 of 2.4%. Working memory had an effect size estimate of 0.14 [95% CI = -0.06, 0.34], with a moderate heterogeneity (Q = 30.68, df = 17, p = 0.02) indicating a trivial effect with reasonable precision indicated by the CIs ranging from negative trivial to small, and no important evidence of inconsistency with I 2 of 36.3%.
Cognitive flexibility had an effect size estimate of 0.00 [95% CI = -0.16, 0.16] indicating no effect with relatively high precision indicated by the CIs falling only within the trivial range, without significant heterogeneity (Q = 9.95, df = 8, p = 0.27), and no important evidence of inconsistency with I 2 of 1.3%.
There was a significant difference between the two models comparing study duration before van der Niet et al. [61] was removed (z = 2.158, p = 0.031), with studies that had a duration >6months having a trivial effect (ES = 0.15 [95% CI = 0.03, 0.57]), and studies with a duration of <6months having a small effect (ES = 0.3 [95% CI = 0.03, 0.57]). However, after van der Niet [61] was removed there was no significant difference between the two models (z = 0.048, p = 0.962), with <6months now also having a trivial effect (ES = 0.0 [95% CI = -0.07, 0.07]). There was also a significant difference between the type of intervention meta-analyses before van der Niet et al. [61] was removed (z = 2.742, p = 0.006), with curricular interventions having a trivial effect (ES =0.05 [95% CI = -0.02, 0.11]), and noncurricular interventions having a large After van der Niet [58] was removed there was no longer a significant difference between the meta-analyses (z = 1.485, p = 0.137), and the non-curricular intervention meta-analysis had a trivial effect (ES = 0.14 [95% CI = -0.04, 0.32]).
Academic Performance
For AP, the pooled effect size estimate was 0.10 [95% CI = -0.18, 0.38] (Fig. 6) indicating a trivial effect with relatively reasonable precision indicated by the CIs ranging from negative trivial to small. Cochrane's Q showed for the overall AP, a significant heterogeneity (Q = 24.22, df = 11; p = 0.01) and a substantial inconsistency measure with I 2 of 69.9% (Fig. 2b) . The two random-effects models investigating study duration found that there was a trivial negative effect for studies with a duration >6months (ES = -0.07 [95% CI = -0.20, 0.05]), and a small effect was found for studies with a duration <6months (ES = 0.34 [95% CI = -0.14, 0.82]). There was no significant difference between the two meta-analyses (z = 1.385, p = 0.166). The meta-analyses for the type of intervention found a trivial effect for curricular interventions (ES = 0.12 [95% CI = -0.12, 0.36]), and a negative trivial effect for non-curricular interventions (ES = -0.14 [95% CI = -0.33, 0.04]). There were no significant differences between the two models (z = -1.490, p = 0.136).
Meta-regression
The mixed-effect meta-regression models showed that the PA interventions effect on CRF, EF, and AP were not associated with age (CRF p = 0.6714, EF p = 0.478, AP p = 0.689,). Mixed-effect meta-regression models were also applied to the AP and EF outcomes where the amount of change in CRF was used as a moderator. There was no association between amount of improvement in CRF and the effect of a PA intervention on EF, with an effect size estimate of -0.03 [95% CI = -0.24, 0.18] (p = 0.811). There was also no significant association between the amount of improvement in CRF and the effect a PA intervention had on AP with an effect size estimate of -0.32 [95% CI = -0.87, 0.23] (p = 0.253).
Sensitivity Analysis
Sensitivity analysis did not reveal any influential studies when considering AP. For EF 1 , the sensitivity analyses found two studies that influenced the results when they were removed individually [66, 71] . The removal of the study by de Greeff et al. [66] increased the point estimate and the pvalue became significant (ES = 0.08 [95% CI = 0.00, 0.16], p = 0.038). Cochrane's Q still showed a non-significant heterogeneity (Q = 71.30, df = 72, p = 0.50), and there was still a low inconsistency measure (I 2 = 6.71%). The removal of the study by van den Berg et al. [71] had a similar effect, with a small increase on the point estimate resulting in the p-value becoming significant (ES = 0.09 [95% CI = 0.02, 0.16], p = 0.017). Cohrane's Q still showed a non-significant heterogeneity (Q = 61.93, df = 66, p = 0.62), and there was still a low inconsistency measure (I 2 = 3.44%). For CRF, the removal of the study by van der Niet et al. [61] did result in a reduction in the point estimate but a concomitant increase in the precision of the estimate based upon the 95% CIs (ES = 0.32 [95% CI = 0.12, 0.52], p = 0.002). Significant heterogrenity was still evident (Q = 34.00, df = 15, p = 0.003), though inconsistency was reduced as determined from the I 2 statistic of 56.9%.
When unadjusted scores were used to calculate the CRF effect size for the van der Niet et al. [61] study there was a reduction in the point estimate from the random-effects model similar to the effects of removing the study (ES = 0.33 [95% CI = 0.14, 0.53]) and with similar heterogrenity still evident (Q = 34.64, df = 16, p = 0.004), and inconsistency determined from the I 2 statistic of 54.9%. When unadjusted scores were used to calculate the EF effect sizes for this study the results were similar to the randomeffects model which included the adjusted scores (ES = 0.35 [95% CI = -0.11, 0.82]) with significant heterogeneity (Q = 301.14, df = 80; p<0.001) and a considerable 1 Sensitivity analyses was conducted for each study removed in addition to the removal of the van der Niet et al. [61] study i.e. results of sensitivity analyses were compared to the model reported with van der Niet et al. [61] already removed. inconsistency measure with I 2 of 91.4%. Meta-regression for EF using CRF effect sizes as a moderator re-ran with effect sizes calculated from both unadjusted scores showed a decrease in estimate compared with the model using adjusted scores (ES = -0.23 [95% CI = -0.47, 0.01]).
DISCUSSION
To the best of the authors' knowledge, this is the first systematic review, meta-analysis, and meta-regression that has investigated the association between changes in CRF, resulting from a PA intervention, and changes in EF or AP in children and adolescents. Overall, results from the meta-analysis suggest that PA interventions result in significant improvements in CRF (ES = 0.59 [95% CI = 0.08, 1.10]) but do not have a significant effect on EF (ES = 0.06 [95% CI -0.01, 0.14]) or AP (ES = 0.10 [95% CI = -0.18, 0.38]). Results from the meta-regression also suggest that changes in CRF were not associated with changes in EF or AP.
Cardiorespiratory Fitness and Executive Function
The current meta-analysis found that while participating in a PA intervention that resulted in a significant improvement in CRF, the intervention did not have a significant result (ES = 0.06 [95% CI -0.01, 0.14]), nor was the change in CRF associated with change in EF when considering results from the metaregression (ES = -0.03 [95% CI = -0.24, 0.18], p = 0.811). This is in contrast to the evidence in the systematic review by Donnelly et al. [14] who found that crosssectional studies with proper designs and accounting for confounding variables, showed that children with higher levels of fitness performed consistently better in EF tests. However, the result of the current study agrees with the meta-analysis performed by Verburgh, Königs, Scherder and Oosterlaan [78] , who found no meaningful effect of chronic physical exercise on EF (ES = 0.16 [95% CI = -0.07, 0.39]). Verburgh et al. [78] and the metaanalysis conducted in the present study disagree with the results of meta-analyses by Álvarez-Bueno et al. [51] (ES = 0.20 [95% CI = 0.10, 0.30]) and de Greeff et al. [52] (ES = 0.24 [95% CI = 0.09, 0.39]) on the positive effects of a PA intervention on EF in children and adolescents; though the results from these latter two meta-analyses suggest that at best there may only be small effects. In the present study, the result of the meta-analysis changed from a significant positive effect (ES = 0.38 [95% CI = -0.12, 0.88]) to a non-significant result after the study by van der Niet et al. [61] was removed due to funnel plot asymmetry, whereas this study was not removed in the meta-analyses performed by de Greeff et al. [52] and Álvarez-Bueno et al. [51] . The results of the present study's metaregression suggest that there is no significant association between changes in CRF and changes in EF (ES = -0.03 [95% CI = -0.24, 0.18], p = 0.811). PA interventions may improve EF, and this may be linked to the improvements they produce in CRF, however more studies are needed. Meta-analyses of the sub-domains of EF found no significant effect for inhibiton, working memory or cognitive flexibility. These results again disagree with the previous meta-analyses on the subdomains of EF which also found significant trivial to small positive effects for inhibition, working memory, and cognitive flexibility [51, 52] ]. However, it is important to reiterate the impact that removing van der Niet et al. [61] had upon the current study's findings and that the two meta-analyses described included van der Niet et al. [61] in their results.
Cardiorespiratory Fitness and Academic Performance
The current study expands on previous systematic reviews that have investigated the relationship between CRF and AP. The systematic reviews conducted by Santana et al. [13] and Donnelly et al. [14] both found strong evidence of a link between CRF and AP in cross-sectional studies, whilst in longitudinal studies Santana et al. [14] found an uncertain association (4 of 7 studies) and Donnelly et al. [14] found a positive association (3 of 3 studies). However, there were no intervention studies included in either of these reviews, and due to many of the studies having relatively small sample sizes, or using methodologies that were correlational it was not possible for the authors to determine a causal relationship. The current study adds to these reviews by analysing the findings of recently conducted intervention studies that investigated whether, when there is a change in CRF as a result of a PA intervention, there was also a change in AP, and the strength of this association. The overall finding in the current meta-analysis of the six intervention studies demonstrated that although the PA intervention had a significant effect on CRF, there was no significant effect on AP (ES = 0.10 [95% CI = -0.18, 0.38]), and results from the meta-regression suggested that there was no association between changes in CRF and changes in AP (p = 0.253).
This result disagrees with two other meta-analyses conducted by Álvarez-Bueno et al. [50] (ES = 0.26 [95% CI = 0.07, 0.45]) and de Greeff et al. [52] (ES = 0.26 [95% CI = 0.02, 0.49]). They investigated the effect of PA on AP, but did not measure CRF, and found significant small positive effects of PA on AP. This difference in effect size may be due the number of studies analysed, with Álvarez-Bueno et al. [50] including eleven studies. Another reason may be due to the different studies analysed because of the inclusion criteria set by the authors not requiring a measurement of CRF. In fact, there was only one common study shared in the current meta-analyses and with Álvarez-Bueno et al. [50] , and no studies shared with de Greeff et al. [52] . The studies included in the present analysis were those that included CRF as an outcome measure. Ten of the fifteen studies included reported CRF as a primary outcome, and were investigating how a PA intervention impacts CRF as well as AP/EF. Thus it might be expected that the interventions were designed with improving CRF in mind (i.e. being of sufficient intensity of effort, volume, and frequency). Santos et al. [5] suggested that vigorous PA has a stronger prospective association with changes in CRF. However, only one study out of the six that investigated changes in AP used vigorous PA [75] , whilst one study used light PA [72] , and four studies did not specify the intensity of the PA in their interventions [73, 74, 76, 77] . Future studies need to specify the intensity of PA used in their interventions and it would be interesting to investigate the effects of different PA intensities on AP and EF.
The meta-regression performed in this study found that there was no significant association between amount of improvement in CRF and the effect of a PA intervention on AP, with an effect size estimate of -0.32 [95% CI = -0.87, 0.23] (p = 0.2532). This is supported by the findings of Lubans et al. [79] , who found that there was no significant association between changes in MVPA and mathematic performance, even though they had found a significant positive effect on mathematic performance from their PA intervention. The lack of a positive effect upon AP found in the six intervention studies included here that investigated the changes of CRF and AP after a PA intervention is a finding worth further consideration. These six studies all increased the PA of children during curricular activities through active academic lessons or enhanced/additional PE lessons. This demonstrates that the additional PA at the least had no negative effect on their performance academically and had a positive impact on their CRF. With the future health benefits of improving CRF being well documented [80] , it can be recommended that dedicating more time during the school day to increasing PA is beneficial, as it improves CRF and does not impair children's AP.
Mechanisms
There are several underlying mechanisms that have been described previously to explain the links between CRF with EF and AP. Firstly, students who achieve better academically may be more orientated for success, and therefore more likely to achieve success academically and in fitness [81] . This may be an explanation as to why there are stronger associations in cross-sectional studies. Secondly, a longitudinal PA intervention that increases children's CRF can enhance angiogenesis and neurogenesis in the areas of the brain, that are used for memory and learning, which in turn can improve EF and AP [82, 83] . Thirdly, cognitively engaging PA is hypothesized to have more of a benefit on EF and AP than repetitive aerobic exercise, such as long-distance running [84] . Due to the limited number of studies, sub-group analysis by PA type was not performed. However, Schmidt et al. [70] investigated the effects of the different types of PA on EF and found that both the "Team Games" and "Aerobic Exercise" groups improved their CRF significantly in comparison to the control group but only the "Team Games" group increased their EF significantly. These findings are also supported by the meta-analysis conducted by de Greeff et al. [52] who found a greater effect size for cognitively engaging PA interventions (ES = 0.53 [95% CI = 0.14, 0.92]) in comparison to aerobic PA (ES = 0.29 [95% CI = 0.13, 0.45]). However, despite these plausible mechanisms for the role of PA in improving EF and AP, potentially through its effects upon CRF, the results of the present study do not support this. Our findings suggest that at best PA interventions can improve CRF whilst having no negative impact upon EF or AP. This alone though is an important finding, as it dispels the myth that PA interventions could distract students from pursuits related to the improvement of AP [10] [11] [12] . The present study suggests that PA interventions, even those conducted during curricular time, can improve CRF whilst avoiding negative impact upon AP.
Limitations
There are several limitations of the current meta-analysis that need to be considered. Firstly, some studies were not included in the meta-analysis due to the way the results had been reported in the published article. For example, Reed, Maslow, Long and Hughey [85] reported means but not standard deviations so effect sizes could not be calculated. All authors were contacted to obtain any unpublished data that was required, some did not reply, and others said they were unable to provide us with the data requested as the data were not available. Secondly, the authors did not search for unpublished studies or include grey literature, which could allow publication bias to influence the results as studies that reported no association may not have been published. Thirdly, measurements of CRF, EF, and AP were standardised by calculating effect sizes, however the validity of and reliability of the individual measures varies. Fourthly, although some moderators were investigated there are different types of moderators that might influence the physiological response to PA that were not included in the current meta-analysis. One example of this is the intensity of effort of the PA undertaken by the participants in the intervention. This was not included due to most of the studies not using a method to standardise or measure this. It is therefore recommended that future studies monitor the intensity of effort of the PA used in the interventions.
CONCLUSION
In conclusion, this meta-analysis has found that PA interventions can improve CRF in children and adolescents, yet does not impact EF or AP. Further, the improvements in CRF produced by PA interventions did not have a significant effect on changes EF or AP, including no negative effect on either AP or EF. This is particularly noteworthy given that most of the PA interventions took place during time normally allotted for curricular activities. This suggests that schools can implement PA into the curriculum with the aim of improving children's CRF, which is associated with numerous health benefits for children in their present and future, and that concern regarding the negative impact of such interventions may be unfounded.
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